Paul, Minnesota (Brown et al., 2019) , and the upper Mississippi River (Staley et al., 2015 (Staley et al., , 2014 . Our goals were to use next generation sequencing to create community based microbial 1 0 6 profiles of fecal sources and monthly samples of sites within the Love Creek watershed. Using 1 0 7
SourceTracker we examined the bacterial inputs from various fecal sources into the monthly 1 0 8 samples. In addition, we examined the impact of a significant rain event, within 24 hours, at the 1 0 9 tidally driven sites. The results of this pilot study are broadly relevant to assessing fecal 1 1 0 pollution within the waterways of Delaware.
6
The Love Creek watershed is drains approximately 24 square miles of land into the 1 1 4
Rehoboth Bay (Fig. 1) and is tidally driven to the dam at Goslee Pond (STORET: 308291; 1 1 5 Homsey et al., 2015) . In the last two decades urban development has increased approximately 1 1 6 80% with a loss of forested uplands and agriculture (Homsey et al., 2015) . Water samples were considered marine waters when salinity was greater than 5 (DNREC, 2014a, pg. 3). To examine 1 2 0 the influence of rainfall on microbial transport, rainfall was monitored using the Delaware hours after a rainfall event of approximately 62 mm of rain in 2 hours. Temperature, salinity, 1 2 5 dissolved oxygen (mg l -1 ), pH, and specific conductivity were measured using a YSI 650 (YSI High-resolution 2014 LiDAR data was used to identify potential portions of the 1 3 3 landscape that were high potential for producing fecal contamination. The 1-m LiDAR-based where bacteria or nutrient loading may have a more direct contribution to downstream Before extraction, filters were heated at 65°C for 10 minutes. Following incubation, 700 1 5 5 µl of a 24:1 isoamyl:chloroform solution was added to each sample and briefly vortexed. Samples were gently rocked for 20 minutes and centrifuged at 14000 × g for 15 minutes. The top 1 5 7 aqueous phase was used for further extraction using GeneJet Plant Extraction kit according to Taxonomic composition was generated using a pre-trained Naive Bayes classifier trained on the Constrained analysis of principal coordinates (CAP) was carried out using the vegan R Pearson's correlation with factors considered collinear with an r 2 of 0.8 and P < 0.05. Weighted Unifrac and Bray-Curtis dissimilarity matrices were used for CAP analysis for environmental 1 8 0 samples including total N and P and without total N and P, models were selected by pseudo-AIC package (McMurdie and Holmes, 2013) . Dissimlarity between groups was tested using non- were used with five runs being conducted. For each sample, the mean proportion (%) for each 1 9 0 run were averaged for determination of fecal source contribution. watershed, an increase of approximately 70% of septic systems within the watershed. from 5.01 to 17.3 mg l -1 , turbidity from 1 to 44 mg l -1 , total suspended solids from 1 to 75.9 mg l -2 0 2 1 and total dissolved solids from 70 to 32,300 mg l -1 . Organic carbon concentrations ranged from 2 0 3
Digital Elevation Analysis
1.8 to 10.9 mg C l -1 , dissolved NO X from 0.004 to 7.13 mg N l -1 , NH 3 from 0.01 to 0.281 mg N l - were above PCR levels (Fig. 3) . Taxonomic analysis for 16S data showed that major taxa were largely consistent across 2 1 3 sampling sites (Fig. 4) . The most abundant phyla across most sample locations were 2 1 4
Proteobacteria, Bacteroidetes, and Actinobacteria (Fig. 4A ). Firmicutes, one of the most At Jimtown Rd and Bundicks Branch, Acidobacteria and OP3, were also in high abundance Alphaproteobacteria, Betaproteobacteria, and Flavobacteriia showed the highest relative 2 2 1 abundance across most of the sampling sites (Fig. 4B ). For fecal samples at the phylum level, 2 2 2 the most abundant phyla were Firmicutes, Bacteroidetes, Proteobacteria, and Euryarchaeota 2 2 3 ( Fig. 5A) . Clostridia, Bacilli, Bacteroidia, and Methanobacteria were the dominant classes for 2 2 4 fecal samples (Fig. 5B ). Chlorophyll a, dissolved oxygen saturation, NO X , specific conductivity, total dissolved Salinity and total suspended solids, respectively). Previous research has shown a significant accounted for on CAP1 and 9.7% accounted for on CAP2. accounted for on PCoA2 and Bray-Curtis ( Fig. 7A and B Lane clustered together depending on sampling time salinity and temperature ( Fig. 6 and 7) . PERMANOVA testing showed significant groupings for most environmental factors for both 2 4 5
weighted Unifrac and Bray-Curtis ( sources were a large portion of the known sources at the marina (Fig. 10B ). West Lane showed 2 7 5 four sampling periods above PCR levels and similar trends in known sources with large 2 7 6
proportions of the microbial community associated with dog and cat fecal matter (Fig. 10C ). The mouth of Love Creek did not have any samples above contact levels, but did show increases 2 7 8
in both cat and dog fecal matter associated microbes as the summer progressed (Fig. 10D ). Enterococcus as a fecal indicator species is the inability to differentiate between fecal sources, occurred during the warmer late summer months ( Fig. 9 ). Both of these sites are highly wooded 3 0 8
with low population densities. At Jimtown Road, there is a high density of aging septic systems 3 0 9
( Fig. 2) , however all samples were below 4% of mapping to known sources suggesting that most 3 1 0 of the high bacteria levels are potentially from wildlife sources (Fig. 9A ). Two samples at Goslee Mill Pond (C). Sample times that were above PCR are indicated with a blue rectangle and times above both PCR and SCR are Hasan, S., van der Hooft, J.J., Vargas, F., Vázquez-Baeza, Y., Vogtmann, E., von Hippel, A.D., Xu, Z.Z., Zaneveld, J.R., Zhang, Y., Zhu, Q., Knight, R., Caporaso, J.G., 2018. 5 0 7 QIIME 2: Reproducible, interactive, scalable, and extensible microbiome data science. Chase, J., Fouquier, J., Zare, M., Sonderegger, D.L., Knight, R., Kelley, S.T., Siegel, J., Dempster, E.L., Pryor, K. V, Francis, D., Young, J.E., Rogers, H.J., 1999. Rapid DNA extraction 
